Abstract. Maspin has been identified as a tumor suppressor gene in breast cancer, but the underlying regulatory mechanisms remain unclear. In the present study, maspin pcDNA was transfected into MCF-7 cells. microRNA (miR) microarray and reverse transcription-quantitative polymerase chain reaction was used for analysis; the results demonstrated that maspin may inhibit miR-10b, miR-21 and miR-451 expression in MCF-7 cells. In addition, maspin increased the expression of certain miR-21 target genes (phosphatase and tensin homolog, programmed cell death 4 and B-cell lymphoma-2), miR-10b target gene (Homeobox D10; HOXD10) and miR-451 target gene (multidrug resistance protein 1). Furthermore, the results of the present study revealed that decreased expression of miR-21 suppressed the invasion and proliferation of MCF-7 cells. Therefore, in the present study, it was hypothesized that as a tumor-suppressor gene, the potential molecular mechanism of maspin include down-regulating the expression of miR-21 and increasing the expression of specific miR-21 target
Introduction
Breast cancer is the second leading cause of cancer-related mortality, following lung cancer, in women globally, with almost one third of cases resulting in mortality (1) . It was reported that the expected numbers of new breast cancer cases in 2012 was 230,480, which is expected to account for 30% of all new cancer cases among women (2) . Understanding the underlying molecular mechanisms of tumor suppressor genes and then effectively incorporating this knowledge into a clinical environment has long been a focus of cancer research and translational medicine.
Maspin is a non-inhibitory member of the serine protease inhibitor super family; previous studies have demonstrated that maspin may be useful in clinical practice (3, 4) . Maspin is typically silenced or expressed at a decreased level in breast cancer cells, and has long been considered a type II tumor suppressor that regulates cell adhesion and invasion (5) . The MCF-7 cell line originated from human breast cancer cells and has retained a number of characteristics of differentiated mammary epithelial cells (6) . microRNAs (miRNAs) are highly conserved noncoding RNA molecules that are approximately 17-25 nucleotides in length. They control gene expression at the post-transcriptional level via interacting with a specific target mRNA (7) (8) (9) . miRNAs are regulatory molecules recognized to be aberrantly expressed in cancer and contribute to various aspects of tumor biology, including the proliferation and invasive abilities of tumors (10) . In addition, miRNAs may provide insights into the molecular pathogenesis of breast cancer (11) . Although maspin is considered to be a tumor suppressor gene, the underlying molecular mechanisms of maspin-induced inhibition of breast cancer cell proliferation and invasion remains unknown.
In the present study, maspin expression was induced in MCF-7 cells using cloning techniques. Subsequently, the differential expression of miRNA was determined between the maspin and mock groups using gene chip analysis. Furthermore, the effect of maspin on the corresponding target genes of miR-21 gene was investigated. The present study aimed to identify how maspin affected the proliferation and differentiation of MCF-7 cells. 5 ) were plated in the top chamber in Dulbecco's modified Eagle's medium without serum, and Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.) was placed into the lower chamber. Following this, cells were incubated for an additional 4 h at 37˚C in an atmosphere containing 5% CO 2 , and then for 24 h at 37˚C, the cells on the upper membrane surface were removed with a cotton swab. Cells that invaded to the lower side of the membrane were stained with 0.1% crystal violet at room temperature for 20 min and fixed with 4% paraformaldehyde at room temperature for 20 min, and then stained by 0.1% crystal violet for another 20 min at 37˚C. The mean number of invasive cells were counted under a x100 fluorescence microscope using four separate fields of view for each well. The experiments were repeated ≥3 times.
Materials and methods

Cell
miRNA microarray. miRNA microarray analysis was performed as previously described (13) . Total RNA was isolated from cells with TRIzol reagent and quantified with NanoDrop 2000 (Thermo Fisher Scientific, Inc.). Following the quantification, 500 µg total RNA was reverse-transcribed with a cDNA Reverse Transcription kit (Beijing TransGen Biotech Co., Ltd.), and miRNA was isolated using the mirVana™ miRNA isolation kit (Ambion; Thermo Fisher Scientific, Inc.). cRNA was synthesized by using the 3'IVT Express kit (Affymetrix; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. The fragmented labeled cRNA was applied using the MicroRNA 2.0 Array (Affymetrix; Thermo Fisher Scientific, Inc.), and hybridized at 45˚C for 18 h using the GeneChip Hybridization Oven 640 (Affymetrix; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocols. The arrays were scanned using a GeneChip Scanner 3000 (Affymetrix; Thermo Fisher Scientific, Inc.). The expression levels of each miRNA in the array were compared and normalized with the mean using Partek GS 6.5 (Partek Inc., St. Louis, MO, USA). Average-linkage hierarchical clustering of the data was applied by using the Cluster (2.20; http://rana. lbl.gov/EisenSoftware.htm), and for cluster analysis, log transformed data were centered to the mean values of each gene expression (14) and the results were displayed using TreeView graphical (1.6.6) analysis (15) .
Quantitative PCR (qPCR) for mRNA. Total RNA was isolated from MCF-7 cells with TRIzol reagent, according to the manufacturer's protocol, using 1,000 µl TRIzol and incubated for 5 min at room temperature. Subsequently, 200 µl chloroform was added, vortexed for 15 sec, and incubated for 2-3 min at room temperature. This was followed by centrifugation at 12,000 x g at 4˚C for 15 min. The upper watery phase was removed and 1.5 times its volume (100%) ethanol was added. Additionally, 700 µl of this mixture were placed in RNeasy Mini spin column in 2 ml collection tube and centrifuged at 8,000 x g at room temperature for 15 sec. After the mixture had completely passed the column, 700 µl of buffer RWT (Qiagen GmbH, Hilden, Germany) was added to each column, and again centrifuged at 8,000 x g at room temperature for 15 sec. Then, 500 µl buffer RPE was added to the column and centrifuged at 8,000 x g at room temperature for 15 sec. The previous process was repeated for 2 min at 8,000 x g. The column was transferred to a new 1.5 ml collection tube and 50 µl RNase-free water was pipetted directly onto the column and centrifuged for 1 min at 8,000 x g to elute RNA. The extracted mRNA then stored at -80˚C until use. qPCR was performed with an Applied Biosystems StepOne™ real-time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.), and the fast SYBR ® -Green Master mix (Thermo Fisher Scientific, Inc.) was used for qPCR, according to the manufacturer's protocol. The method of quantification for PCR was calculated with the 2 -ΔΔCq method (16) . Phosphatase and tensin homolog (PTEN), programmed cell death 4 (PDCD4) and B-cell lymphoma-2 (Bcl-2) gene expression was detected and the primers used are listed in Table I . Data are presented as the relative expression levels compared with β-actin.
Reverse transcription (RT-)qPCR for miRNA. Total RNA was isolated from cells by using TRIzol. cDNA was synthesized using the miRNA Reverse Transcription kit 20 µl RT reactions, incubated for 60 min at 37˚C, followed by 5 min at 95˚C, according to the manufacturer's instructions (Applied Biosystems; Thermo Fisher Scientific, Inc.). A total of 20 ng cDNA was used as a template in a total volume of 20 µl reaction with the following conditions: Denaturation at 95˚C for 15 min followed by 40 cycles of 94˚C for 15 sec, 55˚C for 30 sec, and 72˚C for 34 sec, in which fluorescence was acquired and detected via Real-time PCR system (Qiagen GmbH). After the PCR cycles, melting curve analyses were performed to validate the specific generation of the expected PCR product small nuclear RNA U6 was used as an endogenous control. Forward and Reverse target sequences are shown in Table I. A SYBR green miRNA assay was used to quantify the relative expression levels of miR-10b, miR-21 and miR-451, according to the manufacturer's protocol. The primers of m iR-10b were 5'-TAC CCT GTA GA A CCG A AT T TG-3' (forward) and 5'-AAC TGG TGT CGT GGA GTC GGC-3' (reverse), and the primers of miR-21 were 5'-GCC GCT AGC TTA TCA GAC T-3' (forward) and 5'-AGT GCA GGG TCC GAG GTA-3' (reverse). The fold-change between the selected genes and U6 transcripts for miRNA was calculated with the 2 -ΔΔCq method (16) . And all reactions were run in triplicate.
Western blot analysis. The method was performed as previously described (17) . The antibodies used in the present study were all purchased from Abcam (Cambridge, UK). The membranes were incubated with primary antibodies against maspin (dilution, 1:1,500; catalog no. ab182785), PDCD4 (dilution, 1:1,000; catalog no. ab45124), HOXD10 (dilution, 1:350; catalog no. ab76897), multi-drug resistance gene (dilution, 1:1,500; MDR1; catalog no. ab170904), PTEN (dilution, 1:500; catalog no. ab31392), Bcl-2 (dilution, 1:150; catalog no. ab117115) and β-actin (dilution, 1:1,000; catalog no. ab8226) at 4˚C overnight. Briefly, normal or treated cells were harvested on ice with ice-cold lysis buffer containing 10 mM Tris pH 7.4, 100 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM NaF, 20 mM Na 4 P 2 O 7 , 1% Triton X-100, 10% glycerol, 0.1% SDS and 0.5% deoxycholate, and protease and phosphatase inhibitor cocktails. Samples (30 µg protein) were loaded to a 10% SDS-PAGE gel, fractioned through electrophoresis, and transferred onto nitrocellulose membranes. The membranes were blocked with 5% BSA and wash the membrane in three washes of TBS with 0.05% Tween-20 (TBST), 5 min each, then probed with appropriate primary and horseradish peroxidase (HRP)-conjugated rabbit secondary antibodies (dilution, 1:3,000; catalog no. ab150077; Abcam) for 1 h at room temperature. The membranes were washed three times with TBST, 5 min each. The blots were detected using ECL western blotting detection reagents (catalog no. RPN2109; GE Healthcare, Chicago, IL, USA). The images were captured and analyzed using the UVP gel documentation system (UVP, LLC, Phoenix, AZ, USA).
Statistical analysis. Data are presented as the mean ± standard deviation. Mean values were compared and P-values were determined using the two-tailed Student's t-test or the Pearson's χ 2 test. P<0.05 was considered to indicate a statistically significant difference. All statistical calculations were performed using GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, CA, USA) software and SPSS (version 17.0 for Windows; SPSS Inc., Chicago, IL, USA).
Results
Maspin inhibits the proliferation and invasion of MCF-7 cells.
To assess whether maspin expression was required for the proliferation and invasive properties of MCF-7 cells, human maspin cDNA (1.3 kb full length) was inserted into a pEF expression vector for restriction enzyme digestion with EcoRI and XbaI. Maspin clones were examined using RT-qPCR and western blot analysis. As presented in Fig. 1 , the gene and protein expression of maspin were upregulated in maspin cells compared with the mock cells (P<0.05); therefore, maspin was successfully cloned into the MCF-7 cells (Fig. 1A and B) . The expression of maspin Table I . Primer sequences used in the reverse transcription-quantitative polymerase chain reaction.
Gene
Primer sequences in MCF-7 resulted in a significant reduction in the invasion ( Fig. 1C and D ; P<0.05) and proliferation ( Fig. 1E ; P<0.05) of MCK-7 cells, when compared with the mock cells.
Maspin downregulates miR-10b, miR-21 and miR-451 expression in MCF-7 cells.
Using miRNA array analysis, it was identified that maspin altered the expression of a number of microRNAs in MCF-7 cells, including miR-21, miR-10b and miR-451 ( Fig. 2A) . The aberrant expression of miR-21, miR-10b and miR-451 in association with tumorigenesis, tumor growth and tumor metastasis has been identified in distinct types of malignancy; therefore, in the present study, the expression of these miRNAs in MCF-7 cells, that had been stably or transiently transfected with maspin, were analyzed. Using qPCR, with β-actin as an endogenous control, it was revealed that miR-21, miR-10b and miR-451 were significantly downregulated between 2-and 2.4-fold by maspin ( Fig. 2B; P<0 .05).
Maspin increases the protein expression of miR-21, miR-10b and miR-451 target genes in MCF-7 cells.
In order to explore whether maspin affected the proliferation and differentiation of MCF-7 cells, the effect of maspin on the target genes of miR-21, miR-10b and miR-451 was investigated. Compared with the mock group, the expression levels of the target genes of miR-21 in maspin pcDNA group were significantly different (P<0.05). As presented in Fig. 3 , maspin increased the mRNA expression of PTEN, PDCD4 and Bcl-2 by between 1.5-and 2.0-fold (Fig. 3A) . Fig. 3B and C demonstrate that maspin significantly increased the expression of HOXD10 (P<0.01) and MDR1 (P<0.05). Additionally, the protein expression levels of PTEN, PDCD4 and Bcl-2 in the mock and maspin pcDNA groups (Fig. 3D-F) . The relative expression is depicted in Fig. 3G-I .
miR-21 promotes the proliferation and invasion of MCF-7 cells.
To determine whether the aforementioned miRNAs may function as oncogenes, the effect of suppressing miR-21, miR-10b and miR451 on cell proliferation and invasion was investigated. An anti-miR-21 inhibitor was used to inhibit the expression of miR-21. The anti-miR-21 inhibitor is a sequence-specific and chemically modified oligonucleotide to specifically target and knockdown miR-21 molecule. TaqMan real-time PCR revealed that anti-miR-21 significantly reduced miR-21 level ( Fig. 4A ; P<0.05), indicating that anti-miR-21 is efficiently introduced into the cells and knock down miR-21. A significant decrease (P<0.05) was observed in the proliferation and invasion of MCF-7 cells, following transfection of anti-miR-21 inhibitor (Fig. 4B and C) . Additionally, the expression of miR-10b was down-regulated in MCF-7 cells following the use of an antisense anti-miR-10b inhibitor, which resulted in a 2.6-fold decrease in the gene expression levels of miR-10b ( Fig. 4D; P<0 .05). The results of the present study suggest that the transfected antisense anti-miR-10b inhibitor achieved >50% inhibition of miR-10b. Fig. 4E and F demonstrate that miR-10b function is required for invasiveness in MCF-7 cells (P<0.05), but not for the proliferation or invasive ability of these cells (P>0.05). Following transfection with an anti-miR-451 inhibitor, the expression of miR-451 was significantly downregulated in MCF-7 cells ( Fig. 4G ; P<0.05); however, there was no significant difference observed in the proliferation (Fig. 4H) and invasion ( Fig. 4I ) of MCF-7 cells (P>0.05). The transfection with anti-miRNA inhibitors resulted in a marked reduction in the invasion (Fig. 4J) .
Discussion
Maspin is a unique member of the serpin (serine protease inhibitor) family; the downregulation of maspin has been associated with the development of breast cancer (18) . In the present study, increased maspin gene expression was associated with decreased invasive capacity and increased overall survival in MCF-7 cells, which is consistent with the results of a previous study (19) . miRNAs have been extensively studied in a number of types of cancer; however, the knowledge of the aberrant expression and the association between maspin and miRNAs remains unknown. In the present study, the results revealed an association between increased maspin expression and the downregulation of miR-21, miR-10b and miR-451 in MCF-7 breast cancer cells.
miR-21 regulates genes involved in a number of cellular processes, and has been identified to promote cell proliferation, invasion and migration by downregulating the expression of the tumor-suppressor genes PDCD4 and PTEN (20, 21) . A previous study revealed that the inhibition of miR-21 may upregulate the expression of Bcl-2 (22) , but this remains controversial (23) . In the present study, the expression of maspin led to an increase in miR-21 target gene expression in MCF-7 cells, including of PTEN, PDCD4 and Bcl-2. The results of the present study were concordant with those of a prior study (18) , demonstrating that maspin inhibits miR-21. To understand the mechanisms by which miR-10b induces tumor invasion and metastasis, HOXD10 was of particular note, as its expression is progressively reduced in breast tumors of increasing degrees of malignancy (24, 25) . Furthermore, miR-10b has been revealed to promote the migration and invasion of cells via HOXD10 in certain human cancer types (26) . The results of the present study demonstrated that maspin may inhibit miR-10b and result in increased levels of HOXD10. Therefore, maspin increased the expression of HOXD10, and the underlying molecular mechanisms may be associated with miR-10b. In addition, inducing the expression of maspin resulted in a decrease in miR451 gene expression; however, the proliferation and invasive abilities of MCF-7 cells were not altered by this regulation of miR-451.
The results of the present study identified that maspin may increase the protein expression of miR-21 target genes. In the present study, following demonstrating that maspin may inhibit miR-21, miR-10b and miR451, it was hypothesized that maspin may affect the properties of MCF-7 cells by decreasing the expression of miR-21 and increasing its target genes. Cells transfected with an anti-miR-21 inhibitor resulted in the inhibition of proliferation and invasion of MCF-7 cells; conversely, the transfection of cells with an anti-miR-10b inhibitor prevented invasion, but did not affect the proliferation of MCF-7 cells. Additionally, transfection of MCF-7 cells with an anti-miR-451 inhibitor did not alter the proliferation or invasion of cells. These results were consistent with those of prior studies that explored the functions of miR-21, miR10b and miR-451 in other types of tumor cells (27) (28) (29) .
The results of the present study demonstrated that maspin inhibits the invasion and proliferation of MCF-7 cells, and is dependent on the downregulation of miR-21 expression and the upregulation of target gene expression. Identifying the underlying molecular mechanisms by which maspin inhibits the invasion and proliferation of cancer cells will be beneficial for the management of breast cancer. 
